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Introduction

Minimally invasive distal pancreatectomy (MIDP) 
has been widely accepted as a routine procedure for 
benign and malignant tumors of the pancreatic body 

and tail (1,2). MIDP mainly includes laparoscopic distal 

pancreatectomy (LDP) and robotic distal pancreatectomy 

(RDP) (3). A recent multicenter randomized controlled 

trial (RCT) by de Rooij et al. showed that MIDP had 

Original Article

“Kimura-first” strategy for robotic spleen-preserving distal 
pancreatectomy: experiences from 61 consecutive cases in a 
single institution

Xianchao Lin#, Ronggui Lin#, Fengchun Lu, Yuanyuan Yang, Congfei Wang, Haizong Fang, Heguang Huang

Department of General Surgery, Fujian Medical University Union Hospital, Fuzhou, Fujian, China

Contributions: (I) Conception and design: X Lin, H Huang; (II) Administrative support: F Lu; (III) Provision of study materials or patients: All 

authors; (IV) Collection and assembly of data: Y Yang, C Wang, H Fang; (V) Data analysis and interpretation: R Lin, H Fang; (VI) Manuscript 

writing: All authors; (VII) Final approval of manuscript: All authors.
#These authors contributed equally to this work.

Correspondence to: Heguang Huang. Department of General Surgery, Fujian Medical University Union Hospital, 29 Xinquan Road, Fuzhou 350001, 

China. Email: Heguanghuang2@163.com.

Background: Robotic spleen-preserving distal pancreatectomy (RSPDP) is an ideal procedure for benign 
and low-grade malignant tumors in the distal pancreas, and two splenic preservation techniques (the Kimura 
and Warshaw techniques) can be used for RSPDP. This study aimed to evaluate the feasibility and safety of 
the “Kimura-first” strategy for RSPDP and to investigate the risk factors affecting the preservation of the 
spleen and splenic vessels.
Methods: The electronic medical records of patients who underwent robotic distal pancreatectomy (RDP) 
between October 2016 and December 2019 at our institution were retrospectively reviewed. Univariate and 
multivariate analyses were conducted to identify the risk factors influencing preservation of the spleen and 
splenic vessels during RDP.
Results: Sixty-one patients scheduled for RSPDP who received RDP were included in this study [Kimura 
technique, 41 patients; Warshaw technique, 11 patients; and robotic distal pancreatectomy with splenectomy 
(RDPS), 9 patients]. The overall splenic preservation rate with RDP was 85.2% (52/61). The preservation 
rate of splenic vessels with the Kimura technique with RSPDP was 78.8% (41/52). The RSPDP group had 
remarkably less estimated blood loss (EBL; median 50 vs. 300 mL, P=0.000) and a lower morbidity rate (13.5% 
vs. 44.4%, P=0.047) than the RDPS group. The logistic regression models showed that obvious splenic vessel 
compression by the tumor was an independent risk factor for splenic vessel preservation with RSPDP (OR 
0.021, 95% CI: 0.002–0.271, P=0.003) and RDP (OR 0.019, 95% CI: 0.002–0.176, P=0.000).
Conclusions: The “Kimura-first” strategy is feasible and safe for RSPDP, with high rates of splenic and 
splenic vessel preservation. Obvious splenic vessel compression by the tumor can be used as a predictor of 
splenic vessel preservation with planned RDP.

Keywords: Robotic; distal pancreatectomy; splenic preservation; splenectomy

Submitted Jul 22, 2020. Accepted for publication Sep 30, 2020.

doi: 10.21037/gs-20-576

View this article at: http://dx.doi.org/10.21037/gs-20-576

200

mailto:Heguanghuang2@163.com
https://crossmark.crossref.org/dialog/?doi=10.21037/gs-20-576


187Gland Surgery, Vol 10, No 1 January 2021

© Gland Surgery. All rights reserved.   Gland Surg 2021;10(1):186-200 | http://dx.doi.org/10.21037/gs-20-576

less blood loss than open distal pancreatectomy (ODP) 
and comparable rates of postoperative complications 
and costs (4). In addition, compared with ODP, MIDP 
shortened the time to functional recovery, decreased 
the incidence of delayed gastric emptying (DGE) and 
increased quality of life.

The spleen is often resected in distal pancreatectomy 
(DP) due to severe adhesion between the splenic vessels and 
the pancreas or tumor, as well as for the radical resection 
requirement of malignant pancreatic neoplasms. Currently, 
spleen-preserving procedures are advocated for benign and 
low-grade malignant pancreatic tumors to avoid sacrificing 
the spleen in DP (5-7). The techniques of spleen-preserving 
distal pancreatectomy (SPDP) mainly include the Kimura 
technique (8), with complete preservation of the splenic 
artery and vein, and the Warshaw technique (9), with 
segmental resection of the splenic vessels and preservation 
of the left gastroepiploic vessels and the short gastric vessels 
for the spleen supply.

Spleen-preserving MIDP has been increasingly 
performed worldwide in recent decades (10). Several 
studies have reported the superiority of the robotic 
system compared to laparoscopic procedures for splenic 
preservation in DP (11-13). In contrast to laparoscopic 
procedures, the robotic system provides a magnified 
three-dimensional operative view, as well as more stable, 
flexible, and precise manipulation. The advantages of the 
robotic system make it safe and feasible when separating 
splenic vessels from the distal pancreas or tumor, dividing 
the branches of the splenic vessels as they course into 
the pancreas, and controlling unexpected bleeding of the 
splenic vessels. Accordingly, RDP has a relatively higher 
rate of splenic preservation than LDP (14). Liu et al. 
reported that RDP had a lower rate of conversion, a shorter 
postoperative stay, and higher rates of splenic and splenic 
vessel preservation than LDP (15).

In the present study, we conducted a retrospective 
analysis of patients with benign and low-grade malignant 
pancreatic tumors who underwent RDP with the “Kimura-
first” three-step strategy for splenic preservation. This 
study aimed to evaluate the feasibility and safety of the 
“Kimura-first” strategy for robotic spleen-preserving distal 
pancreatectomy (RSPDP) and to investigate the risk factors 
affecting the preservation of the spleen and splenic vessels. 
We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-576). 

Methods

Patients who underwent RDP at our institution between 
October 2016 and December 2019 were enrolled in this 
study. Patients planned for RSPDP with diagnoses of 
benign and low-grade malignant pancreatic tumors were 
included. Patients with presumed pancreatic cancer were 
excluded because they required procedures combined 
with radical splenectomy. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013). The study protocol was approved by the ethics 
committee of Fujian Medical University Union Hospital 
(2020KY0107). Written informed consent was obtained 
from the patients for publication of this manuscript and any 
accompanying images. 

The clinicopathological characteristics and perioperative 
and postoperative outcomes of  the patients  were 
retrospectively collected from electronic medical records. 
The clinicopathologic characteristics included age, sex, 
body mass index (BMI), tumor size, tumor location, 
radiographic appearance, splenic vessel compression by 
the tumor (Figure 1) and pathological diagnosis. The 
perioperative and postoperative outcomes included the 
operative time, estimated blood loss (EBL), conversion, 
postoperative length of stay (LOS), morbidity, clinically 
relevant postoperative pancreatic fistula (CR-POPF) and 
mortality.

Definitions

CR-POPF is defined by the International Study Group 
of Pancreatic Surgery (ISGPS) as an amylase level in the 
drainage fluid >3 times the upper limit of normal serum 
amylase, with a POPF-associated clinically relevant 
condition (16). CR-POPF is classified as grade B or grade 
C, and the latter grade often results in life-threatening 
complications.

Operative technique

All surgeries were completed by an experienced surgeon 
with the da Vinci Si HD Surgical System (Intuitive 
Surgical Inc., USA). The patient was placed in a supine 
position with slight right tilt after general anesthesia. A 
five-trocar technique was adopted for robotic manipulation 
(Figure 2).

Splenic preservation was attempted with the “Kimura-
first” three-step strategy, and the Kimura technique  
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was considered the f irst  choice.  For the Kimura 
procedure (8) (Figure 3), the left gastroepiploic vessels and 
the short gastric vessels were initially preserved once the 
procedure was converted to the Warshaw procedure. The 
common hepatic artery (CHA) and the left gastric artery 
(LGA) were dissected in patients in whom the tumors were 
located close to the superior mesenteric vein (SMV). The 
distal pancreas was sufficiently dissected, and the splenic 
artery (SA) and splenic vein (SV) were identified and well 
protected. After sufficient dissection between the splenic 
vessels and pancreas was achieved, a 60-mm linear cutter 
stapler (Echelon, USA) was used to transect the pancreas 2 
cm to the right of the pancreatic tumor. The distal pancreas 
was separated from the splenic vessels in a medial-to-lateral 
direction. The branches of the splenic vessels coursing into 

the pancreas were divided with vascular clips or 5-0 Prolene 
sutures. After resection of the distal pancreas, the splenic 
vessels were carefully examined, and potential bleeding was 
controlled with 5-0 Prolene sutures. A drainage tube was 
routinely placed beside the stump of the pancreas. Frozen 
sectioning of the pancreatic tumor was routinely performed, 
and the spleen was resected in patients with a malignant 
tumor.

The Warshaw procedure (9) (Figure 4) was performed 
if the splenic vessels could not be safely preserved. After 
sufficient dissection of the splenic vessels and the distal 
pancreas, the splenic vessels and the distal pancreas were 
then divided. The splenic vessels and the distal pancreas 
were gradually dissected toward the splenic hilum. The 
branches of the vessels in the splenic hilum, the left 
gastroepiploic vessels and the short gastric vessels were well 
protected. The splenic vessels near the splenic hilum were 
then divided with an Ethilon stapler or vascular clips. After 
resection, the spleen was checked and resected in a patient 
with a greatly extending infarction. A drainage tube was 
routinely placed beside the stump of the pancreas.

If the Kimura and Warshaw procedures were not 
applicable, if there was insufficient blood supply to the 
spleen after the Warshaw procedure, or if the frozen 
sections were positive for malignancy, robotic distal 
pancreatectomy with splenectomy (RDPS) was performed. 
The short gastric vessels were divided, followed by sufficient 
dissection of the spleen. The splenic vessels were divided, 
and the pancreas was subsequently transected. With a 
routine drainage tube beside the stump of the pancreas, 
another drainage tube was placed beneath the diaphragm.

Figure 1 Representative computed tomography images of the relationship between pancreatic tumors and splenic vessels. (A) A cystic tumor 
in the pancreatic body (orange arrow) with no compression of the splenic vessels (blue arrow). (B) A cystic tumor in the pancreatic body and 
tail (orange arrow) with obvious compression of the splenic vessels (blue arrow).

Figure 2 Trocar placements in RDP.
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Statistical analysis

Continuous  var iables  are  expressed as  the  mean 
and standard deviation or median and interquartile 
range (IQR), and categorical variables are reported 
as percentages and frequencies. Continuous variables 
were compared with independent-samples t-tests or 
nonparametric Mann-Whitney U tests. Categorical 
variables were compared with the chi-square test or 
Fisher’s exact test. Logistic regression was used to 
conduct univariate and multivariate analyses to identify 
risk factors for RDP with splenic or splenic vessel 
preservation. All variables with P<0.250 in the univariate 
analysis were included in the logistic regression model. 
A P value <0.05 was considered statistically significant. 

Statistical analysis was conducted with SPSS software 
(version 21.0, IBM).

Results

A total of 71 patients with planned RDP were enrolled in 
this study between October 2016 and December 2019. 
Ten patients were excluded because of scheduled RDPS 
for presumed pancreatic cancer. Of the remaining 61 
patients, splenic preservation was achieved in 52 patients, 
and splenectomy was performed in 9 patients (as shown in  
Figure 5). Of the 52 patients, the Kimura procedure was 
applied in 41 patients, and the Warshaw procedure was 
applied in 11 patients. Of the 9 patients who received RDPS, 
one who underwent resection with the Warshaw technique 
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Figure 3 Intraoperative images of RSPDP with the Kimura technique. (A) Exposure of the SA at the superior border of the pancreatic 
neck. (B) Suspension of the pancreas after sufficient dissection of the postpancreatic space in front of the SV. (C) Transection of the pancreas  
2 cm to the right of the pancreatic tumor with a 60-mm linear cutter stapler. (D) Careful separation of the adhesions between the pancreatic 
tumor and the SV. (E) Separation of the adhesions between the pancreatic tumor and the SA. (F) Anatomic structures after resection of the 
distal pancreas with preservation of the splenic vessels. SA, splenic artery; SV, splenic vein; SMV, superior mesenteric vein; PV, portal vein; 
CHA, common hepatic artery.
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ultimately received splenectomy because of a greatly 
extending splenic infarction.

Comparison between RSPDP and RDPS

The clinicopathologic characteristics and perioperative and 
postoperative factors of the 61 patients who underwent 
RDP with or without spleen preservation are indicated in 
Table 1 (RSPDP vs. RDPS). Age, sex, BMI, tumor location, 
radiographic appearance and pathological diagnosis were 
comparable between the RSPDP and RDPS groups. The 
RDPS group had significantly higher rates of tumors ≥6 
cm (55.6% vs. 21.1%, P=0.045) and obvious splenic vessel 
compression by the tumor (66.7% vs. 23.1%, P=0.015) than 
the RSPDP group. The RSPDP group had remarkably 
less EBL (median 50 vs. 300 mL, P=0.000) and a lower 
morbidity rate (13.5% vs. 44.4%, P=0.047) than the RDPS 

group. The operative time, conversion rate, LOS, and 
POPF rate between the two groups were not significantly 
different (P>0.05). There were no cases of postoperative 
intra-abdominal hemorrhage, reoperation, or mortality in 
the two groups.

Comparison between the Kimura and Warshaw technique

Table 2 describes the clinicopathologic characteristics and 
perioperative and postoperative factors of the 52 patients 
who underwent RSPDP (the Kimura technique vs. the 
Warshaw technique). The radiographic appearance of 
the two groups was significantly different (P=0.000), 
and there was a larger proportion of cystic tumors in the 
Kimura group than in the Warshaw group. The Warshaw 
group had a notably higher rate of obvious splenic vessel 
compression by the tumor than the Kimura group (63.6% 

Figure 4 Intraoperative images of RSPDP with the Warshaw technique. (A) Dissection at the inferior border of the pancreas. (B) Separation 
of the postpancreatic space in front of the SV. (C) Transection of the pancreas 2 cm to the right of the pancreatic tumor with a 60-mm linear 
cutter stapler. (D) Division of the splenic vessels near the root with a 60-mm linear cutter stapler. (E) Division of the splenic vessels near the 
splenic hilum with a 60-mm linear cutter stapler. (F) Corresponding structures after resection of the distal pancreas with sufficient blood 
supply to the spleen (G). SV, splenic vein; SA, splenic artery. 
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vs. 12.2%, P=0.015). There were no significant differences 
concerning other clinicopathologic characteristics or 
perioperative and postoperative factors between the two 
groups (P>0.05).

Comparison between RDP with or without splenic vessel 
preservation

To evaluate the efficacy of the robotic system for splenic 
vessel preservation during RDP, the clinicopathologic 
characteristics and perioperative and postoperative factors 
of the patients who underwent RDP with or without splenic 
vessel preservation were analyzed (the Kimura procedure 
vs. the Warshaw procedure and RDPS) (Table 3). Significant 
differences in sex (P=0.022) and radiographic appearance 
(P=0.028) were noted between the vessel preservation and 
non-preservation groups. There were larger proportions of 
female patients (70.7% vs. 40.0%) and cystic tumors (65.9% 
vs. 30.0%) in the former group than in the latter group. The 
non-preservation group had a remarkably higher incidence 
of tumors ≥6 cm (45.0% vs. 17.1%, P=0.030), obvious 
splenic vessel compression by the tumor (65.0% vs. 12.2%, 
P=0.000), and more EBL (median 200 vs. 50 mL, P=0.000) 
than the vessel preservation group. Other clinicopathologic 
characteristics and perioperative and postoperative factors 
showed no significant differences between the two groups 
(P>0.05).

Risk factors for RDP with splenic preservation

Three logistic regression models with univariate and 
multivariate analyses were created to identify risk factors 
for RDP with splenic preservation (RSPDP vs. RDPS, 
n=61), RSPDP with splenic vessel preservation (Kimura vs. 
Warshaw, n=52), and RDP with splenic vessel preservation 
(vessel preservation vs. non-preservation, n=61). In the first 
logistic regression model for RDP with splenic preservation, 
sex, tumor size and splenic vessel compression of the 
tumor were included in the multivariate analysis. Although 
tumor size and splenic vessel compression of the tumor 
showed significant differences in the univariate analysis, 
they showed no significant differences in the multivariate 
analysis (Table 4).

Risk factors for RSPDP with splenic vessel preservation

In the second logistic regression model for RSPDP with 
splenic vessel preservation, age, sex, tumor size, radiographic 
appearance and splenic vessel compression by the tumor 
were included in the multivariate analysis. The results of 
the multivariate analysis showed that age ≥50 years (vs. age 
<50 years; OR 0.078, 95% CI: 0.007–0.888, P=0.040) and 
obvious splenic vessel compression by the tumor (vs. no/
slight splenic vessel compression by the tumor; OR 0.021, 
95% CI: 0.002–0.271, P=0.003) were significant predictors 

71 patients with 
planned RDP

61 patients with 
planned RSPDP

52 patients with 
planned RSPDP

41 patients Kimura 
procedure

11 patients Warshaw 
procedure

9 patients RDPS 
procedure

10 patients were excluded 
due to malignant pancreatic 

tumor

Figure 5 Flow chart of the patients with planned RDP.
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Table 1 Comparison between RSPDP and RDPS

Variable RSPDP (n=52) RDPS (n=9) P value

Age (years), n (%) 0.477

<50 31 (59.6) 4 (44.4)

≥50 21 (40.4) 5 (55.6)

Sex, n (%) 0.136

Female 34 (65.4) 3 (33.3)

Male 18 (34.6) 6 (66.7)

BMI (kg/m2), n (%) 0.686

<24 39 (75.0) 6 (66.7)

≥24 13 (25.0) 3 (33.6)

Tumor size (cm), n (%) 0.045

<6 41 (78.9) 4 (44.4)

≥6 11 (21.1) 5 (55.6)

Tumor location, n (%) 0.077

Body 15 (28.8) 0 (0.0)

Tail 21 (40.4) 7 (77.8)

Body and tail 16 (30.8) 2 (22.2)

Radiographic appearance, n (%) 0.390

Solid 12 (23.1) 3 (33.3)

Cystic 30 (57.7) 3 (33.3)

Heterogeneous 10 (19.2) 3 (33.3)

Splenic vessel compression by tumor, n (%) 0.015

Obvious 12 (23.1) 6 (66.7)

No/slight 40 (76.9) 3 (33.3)

Pathological diagnosis, n (%) 0.697

SCN 17 (32.7) 1 (11.1)

MCN 10 (19.2) 3 (33.3)

SPN 7 (13.5) 1 (11.1)

NET 10 (19.2) 2 (22.2)

Others 8 (15.4) 1 (11.1)

Operative time, mean ± SD (min) 226.4±55.7 227.2±53.1 0.969

EBL, median (IQR) (mL) 50 (20 to 100) 300 (175 to 500) 0.000

Conversion, n (%) 0 (0.0) 1 (11.1) 0.148

LOS, mean ± SD (days) 8.8±6.6 9.4±4.6 0.770

Morbidity, n (%) 7 (13.5) 4 (44.4) 0.047

CR-POPF, n (%) 4 (7.7) 2 (22.2) 0.121

Mortality, n (%) 0 (0.0) 0 (0.0) N/A

RDP, robotic splenic preservation distal pancreatectomy; RSPDP, robotic splenic preservation distal pancreatectomy; RDPS, robotic 
distal pancreatosplenectomy; BMI, body mass index; SCN, serous cystic neoplasm; MCN, mucinous cystic neoplasm; SPN, solid 
pseudopapillary neoplasm; NET, neuroendocrine tumor; EBL, estimated blood loss; LOS, length of stay; CR-POPF, clinically relevant 
postoperative pancreatic fistula; N/A, not applicable.
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Table 2 Comparison between the Kimura and Warshaw technique

Variable Kimura (n=41) Warshaw (n=11) P value

Age (years), n (%) 0.095

<50 27 (65.9) 4 (36.4)

≥50 14 (34.1) 7 (63.6)

Sex, n (%) 0.159

Female 29 (70.7) 5 (45.5)

Male 12 (29.3) 6 (54.5)

BMI (kg/m2), n (%) 0.435

<24 32 (78.0) 7 (63.6)

≥24 9 (22.0) 4 (36.4)

Tumor size (cm), n (%) 0.216

<6 34 (82.9) 7 (63.6)

≥6 7 (17.1) 4 (36.4)

Tumor location, n (%) 0.453

Body 12 (29.3) 3 (27.3)

Tail 18 (43.9) 3 (27.3)

Body and tail 11 (26.8) 5 (45.4)

Radiographic appearance, n (%) 0.000

Solid 8 (19.5) 4 (36.4)

Cystic 27 (65.9) 3 (27.3)

Heterogeneous 6 (14.6) 4 (36.4)

Splenic vessel compression by tumor, n (%) 0.015

Obvious 5 (12.2) 7 (63.6)

No/slight 36 (87.8) 4 (36.4)

Pathological diagnosis, n (%) 0.326

SCN 14 (34.1) 3 (27.3)

MCN 8 (19.5) 2 (18.2)

SPN 5 (12.2) 2 (18.2)

NET 6 (14.6) 4 (36.4)

Others 8 (19.5) 0 (0.0)

Operative time, mean ± SD (min) 226.0±56.1 228.2±56.7 0.909

EBL, median (IQR) (mL) 50 (20 to 100) 50 (20 to 100) 0.563

Conversion, n (%) 0 (0.0) 0 (0.0) N/A

LOS, mean ± SD (days) 8.2±6.8 10.8±5.6 0.250

Morbidity, n (%) 5 (12.2) 2 (18.2) 0.630

CR-POPF, n (%) 3 (7.3) 1 (9.1) 1.000

Mortality, n (%) 0 (0.0) 0 (0.0) N/A

RSPDP, robotic splenic preservation distal pancreatectomy; BMI, body mass index; SCN, serous cystic neoplasm; MCN, mucinous cystic 
neoplasm; SPN, solid pseudopapillary neoplasm; NET, neuroendocrine tumor; EBL, estimated blood loss; LOS, length of stay; CR-POPF, 
clinically relevant postoperative pancreatic fistula; N/A, not applicable.
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Table 3 Comparison between RDP with or without splenic vessel preservation (Kimura vs. Warshaw + RDPS)

Variable Vessel preservation (n=41) Vessel non-preservation (n=20) P value

Age (years), n (%) 0.097

<50 27 (65.9) 8 (40.0)

≥50 14 (34.1) 12 (60.0)

Sex, n (%) 0.022

Female 29 (70.7) 8 (40.0)

Male 12 (29.3) 12 (60.0)

BMI (kg/m2), n (%) 0.355

<24 32 (78.0) 13 (56.0)

≥24 9 (22.0) 7 (35.0)

Tumor size (cm), n (%) 0.030

<6 34 (82.9) 11 (55.0)

≥6 7 (17.1) 9 (45.0)

Tumor location, n (%) 0.466

Body 12 (29.3) 3 (15.0)

Tail 18 (43.9) 10 (50.0)

Body and tail 11 (26.8) 7 (35.0)

Radiographic appearance, n (%) 0.028

Solid 8 (19.5) 7 (35.0)

Cystic 27 (65.9) 6 (30.0)

Heterogeneous 6 (14.6) 7 (35.0)

Splenic vessel compression by tumor, n (%) 0.000

Obvious 5 (12.2) 13 (65.0)

No/slight 36 (87.8) 7 (35.0)

Pathological diagnosis, n (%) 0.468

SCN 14 (34.1) 4 (20.0)

MCN 8 (19.5) 5 (25.0)

SPN 5 (12.2) 3 (15.0)

NET 6 (14.6) 6 (30.0)

Others 8 (19.5) 2 (10.0)

Operative time, mean ± SD (min) 226.0±56.2 227.8±53.7 0.907

EBL, median (IQR) (mL) 50 (20 to 100) 200 (25 to 450) 0.000

Conversion, n (%) 0 (0.0) 1 (5.0) 0.328

LOS, mean ± SD (days) 8.2±6.8 10.2±5.1 0.254

Morbidity, n (%) 5 (12.2) 6 (30.0) 0.153

CR-POPF, n (%) 3 (7.3) 3 (15.0) 0.384

Mortality, n (%) 0 (0.0) 0 (0.0) N/A

RDP, robotic splenic preservation distal pancreatectomy; RDPS, robotic distal pancreatosplenectomy; BMI, body mass index; SCN, serous 
cystic neoplasm; MCN, mucinous cystic neoplasm; SPN, solid pseudopapillary neoplasm; NET, neuroendocrine tumor; EBL, estimated 
blood loss; LOS, length of stay; CR-POPF, clinically relevant postoperative pancreatic fistula; N/A, not applicable.
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Table 4 Risk factors for RDP with splenic preservation (RSPDP vs. RDPS, n=61)

Variable Univariate, P
Multivariate

OR (95%CI) P

Age (years) 0.400

<50

≥50 

Sex 0.082 0.091

Female 0.231 (0.042–1.261)

Male Ref

BMI (kg/m2) 0.601

<24

≥24

Tumor size (cm) 0.041 0.089

<6 0.235 (0.044–1.249)

≥6 Ref

Tumor location 0.528

Body

Tail

Body and tail

Radiographic appearance 0.410

Solid

Cystic

Heterogeneous

Splenic vessel compression by tumor 0.015 0.060

Obvious Ref

No/slight 0.210 (0.041–1.067)

RDP, robotic distal pancreatectomy; RSPDP, robotic splenic preservation distal pancreatectomy; RDPS, robotic distal 
pancreatosplenectomy; BMI, body mass index.

of splenic vessel preservation with RSPDP and (Table 5).

Risk factors for RDP with splenic vessel preservation

In the third logistic regression model for RDP with splenic 
vessel preservation, age, sex, tumor size, radiographic 
appearance and splenic vessel compression by the tumor 
were included in the multivariate analysis. The results of 
the multivariate analysis showed that age ≥50 years (vs. age 
<50 years; OR 0.136, 95% CI: 0.021–0.883, P=0.037) and 
obvious splenic vessel compression by the tumor (vs. no/

slight splenic vessel compression by the tumor; OR 0.019, 
95% CI: 0.002–0.176, P=0.000) were significant predictors 
of splenic vessel preservation with RDP (Table 6).

Discussion

In recent decades, spleen-preserving MIDP has been 
advocated for benign or low-grade malignant pancreatic 
tumors (17). One important reason is that the spleen plays 
a vital role in the immune defense (18). Splenectomy 
is associated with increased risks of infection and a 
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Table 5 Risk factors for RSPDP with splenic vessel preservation (Kimura vs. Warshaw, n=52)

Variable Univariate, P
Multivariate

OR (95%CI) P

Age (years) 0.040

<50 0.086 0.078 (0.007–0.888)

≥50 Ref

Sex 0.126 0.801

Female 0.751 (0.081–6.939)

Male Ref

BMI (kg/m2) 0.333

<24

≥24 

Tumor size (cm) 0.174 0.384

<6 0.383 (0.044–3.325)

≥6 Ref

Tumor location 0.465

Body

Tail

Body and tail

Radiographic appearance 0.089 0.168

Solid Ref

Cystic 0.087 (0.006–1.294)

Heterogeneous 0.513 (0.036–7.290)

Splenic vessel compression by tumor 0.001 0.003

Obvious Ref

No/slight 0.021 (0.002–0.271)

RSPDP, robotic splenic preservation distal pancreatectomy; BMI, body mass index.

significantly elevated postoperative platelet count with 
hypercoagulability. Addeo et al. reported that minimally 
invasive DPS was associated with a higher incidence of SV 
thrombosis than SPDP (81.8% vs. 25%, P<0.001) (19). 
Among the spleen-preserving techniques, the Warshaw 
technique, which involves segment resection of the splenic 
vessels, is easy to perform (20) but has increased risks of 
splenic infarction and perigastric varices as well as secondary 
bleeding (21). Louis et al. reported that 10 of 48 patients 
(27%) who underwent SPDP with the Warshaw technique 
developed perigastric varices during a median follow-up 
period of 76 months (22). Compared with the Warshaw 

technique, the Kimura technique has fewer complications 
because of complete preservation of the splenic vessels but 
is time consuming and technically challenging.

In the era of advanced minimally invasive pancreatic 
surgery, some existing studies have shown equivalent 
outcomes of laparoscopic and robotic surgeries (10,23). 
However, compared to LDP, RDP shows advantages 
in both splenic and splenic vessel preservation (24,25). 
These advantages  may be attr ibuted to the high 
flexibility of robotic instruments and precise suturing 
both in the dissection of splenic vessels and in the 
control of bleeding of the splenic vessels. Chen et al. 
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Table 6 Risk factors for RDP with splenic vessel preservation (vessel preservation vs. non-preservation, n=61)

Variable Univariate, P
Multivariate

OR (95%CI) P

Age (years) 0.037

<50 0.059 0.136 (0.021–0.883)

≥50 Ref

Sex 0.024 0.969

Female 0.963 (0.152–6.114)

Male Ref

BMI (kg/m2) 0.280

<24

≥24 

Tumor size (cm) 0.024 0.143

<6 0.271 (0.047–1.553)

≥6 Ref

Tumor location 0.479

Body

Tail

Body and tail

Radiographic appearance 0.036 0.058

Solid Ref

Cystic 0.051 (0.004–0.596)

Heterogeneous 0.260 (0.027–2.517)

Splenic vessel compression by tumor 0.000 0.000

Obvious Ref

No/slight 0.019 (0.002–0.176)

RDP, robotic distal pancreatectomy; BMI, body mass index.

reported a remarkably higher incidence of overall 
splenic preservation (95.7% vs. 39.4%, P<0.001) and 
Kimura splenic preservation (72.3% vs. 21.2%, P<0.001) 
with RDP than with LDP (26). Hong et al.  reported 
that RDP was associated with a higher rate of splenic 
preservation than LDP (96.8% vs. 82.5%, P=0.02) (14).  
The splenic preservation rate in the present study was 
85.2%. Additionally, the rate of splenic vessel preservation 
with the Kimura technique was 78.8%. The rates of splenic 
preservation and splenic vessel preservation were similar 
to those in previous studies in high-volume pancreatic 
centers. In the three-step strategy of splenic preservation 

for planned RSPDP, the Kimura technique was first 
attempted whenever spleen vessel preservation was possible. 
The Warshaw technique was considered an alternative 
method of spleen preservation under the condition of 
long-segment compression of the splenic vessels by the 
tumor or uncontrolled expected bleeding of the splenic 
vessels. RDPS was performed if the two spleen-preserving 
techniques failed. Choi et al. reported that initially planned 
laparoscopic distal pancreatosplenectomy had a shorter 
operative time than laparoscopic spleen-preserving distal 
pancreatectomy (18). However, no significant differences 
in the operative time between these three procedures were 
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noted in our study, which might be attributed to the step-
by-step strategy. However, the RSPDP group still had less 
EBL than the RDPS group. The high splenic preservation 
rate and splenic vessel preservation rate in the present study 
demonstrate the feasibility and efficacy of the three-step 
strategy for splenic preservation with RSPDP. Based on the 
results of the multivariate analysis, obvious splenic vessel 
compression by the tumor might suggest that the patient 
receive the Warshaw procedure or RDPS.

Predictive risk factors for splenic preservation or splenic 
vessel preservation are of great importance in surgical 
decision-making in MIDP. However, only a few studies 
have focused on this issue. Dai et al. reported that a tumor 
size at a cut-off value of 3 cm was an independent risk factor 
for identifying splenic vessel preservation with planned 
laparoscopic splenic vessel preservation operations (area 
under the curve 0.724, 95% CI: 0.63–0.82, P<0.01), especially 
for tumors located in the pancreatic body (27). A propensity 
score-matched study by the Minimally Invasive Liver and 
Pancreatic Surgery Study Group-UK that enrolled 456 
patients reported that a tumor size ≥3 cm was a significant 
factor for unplanned splenectomy with LDP (OR 2.28, 95% 
CI: 1.16–4.48, P=0.02) (28). In the present study, a tumor size 
at a cut-off value of 6 cm showed significant differences in 
the comparison of RDP with or without splenic preservation, 
as well as RDP with or without splenic vessel preservation. 
Tumor size was not significantly different according to the 
multivariate logistic regression models. However, obvious 
splenic vessel compression by the tumor showed significant 
differences in all the comparisons of splenic and splenic 
vessel preservation (Tables 1,2,3). It also showed significant 
differences in the second and third logistics models in contrast 
to splenic vessel preservation with planned RDP and RSPDP. 
Therefore, obvious splenic vessel compression by the tumor is 
an independent risk factor for splenic vessel preservation with 
planned RDP. The mean age of all patients was 45.8±14.9 
years. Therefore, all patients were divided into two subgroups 
according to age: <50 and ≥50 years. Interestingly, the logistic 
regression models showed that age ≥50 years was also an 
independent risk factor for splenic vessel preservation with 
RSPDP (OR 0.078, 95% CI: 0.007–0.888, P=0.040) and RDP 
(OR 0.136, 95% CI: 0.021–0.883, P=0.037).

The perioperative outcomes of RDP were acceptable in 
the present study, indicating the efficacy of the procedure. 
The overall rate of CR-POPF (grade B) in the study was 
9.8%. No significant difference concerning the incidence 
of CR-POPF between the three procedures was noted 
(Kimura, 7.3%; Warshaw, 9.1%; and RDPS, 22.2%; 

P>0.05). A recent international, multi-institutional study 
that enrolled 2,026 patients in 10 centers by Ecker et al. 
showed that the CR-POPF rate after pancreatic transection 
with the stapler technique was 12.7%, which was in 
accordance with that in the present study (29). It is crucial to 
select a suitable stapler for pancreatic transection according 
to the thickness of the pancreas. The Kimura technique, 
which involves complete preservation of the splenic vessels, 
theoretically increases the risks of postoperative bleeding, 
especially in the case of concomitant POPF. However, no 
postoperative intra-abdominal hemorrhage was observed 
in the current study. This observation may be attributed to 
the precise suturing of most of the branches of the splenic 
vessels coursing into the pancreas with 5-0 Prolene sutures, 
which are more effective than vascular clips for preventing 
postoperative bleeding, with RSPDP. The use of routine 
or selective intra-abdominal drainage after DP remains 
debatable. A previous RCT by Van Buren et al. (30) showed 
no significant differences in the incidence of CR-POPF 
between patients with and without routine intraperitoneal 
drainage after DP (18% vs. 12%, P>0.05). The latter 
group of patients was associated with a higher rate of 
intra-abdominal fluid collection (9% vs. 22%, P=0.0004). 
However, no intra-abdominal fluid collection was noted in 
the present study, indicating the need for routine drainage.

This study had some limitations. First, it was a 
retrospective cohort analysis with a single surgeon’s 
experience in a single institution. Second, there were only 
a few patients in the RSPDP group with the Warshaw 
technique and in the RDPS group, which might have 
resulted in statistical bias. However, this finding might 
partly be attributed to the high splenic preservation rate in 
the RSPDP group with the Kimura technique. Third, the 
RDP cohort included a learning curve. A larger sample size 
is required in the future to verify the efficacy of the robotic 
system in SPDP.

Conclusions

The “Kimura-first” strategy is feasible and safe for RSPDP, 
with high rates of splenic and splenic vessel preservation. 
Obvious splenic vessel compression by the tumor can 
be used as a predictor of splenic vessel preservation with 
planned RSPDP.
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